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Syphilis of the central nervous system is a manifestation of an infec-
tious disease caused by a known parasite, against which we have at least
two specific therapeutic agents. It is, therefore, amenable to treatment.
The problems to be solved are : (1) How to recognize the condition before
irreparable damage has been done to important structures; (2) the
determination of the most efficient methods of application of our curative
agents. The first can be solved only by careful clinical study and routine
examination of the cerebrospinal fluid of all suspected patients. It is
the purpose of this communication to present the results of an attempt to
solve the second problem, viz., the determination of the best method of
application of the curative agents.
The demonstration of the Treponema pallidum in general paralysis
has definitely established the fact that in the so-called parasyphilitic
nervous diseases there is active syphilis of the central nervous system.
The cerebrospinal fluid in paresis and tabes shows qualitatively the same
alterations as does the fluid in cerebrospinal syphilis. The usual changes
occurring in the cerebrospinal fluid in these conditions are pleocytosis,
with a predominance of mononuclear forms, and an increase in globulin.
These abnormalities indicate the presence of a chronic inflammatory
process in the cerebrospinal axis. A positive Wassermann reaction in the
fluid indicates that the inflammation is syphilitic in nature. These
abnormal constituents usually disappear more rapidly under specific
treatment in involvement of the nervous system occurring early, than
they do in such lesions occurring late in syphilis or in tabes or general
paralysis, especially the latter. In late syphilis the spirochetes have
established themselves in strongholds difficult to reach with our drugs.
Such strongholds are the regions of poor vascularization, and in these the
* From the Hospital of the Rockefeller Institute for Medical Research.
* Read before the Association of American Physicians May 7, 1913.
* Submitted for publication June 30, 1913.
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central nervous system is particularly rich. The Treponema pallidum has
a predilection for lymph spaces. For practical purposes the perivascular
lymphatics and the perineuronal spaces may be considered as lymph
spaces which are not in direct communication with the general lymphatic
system, but which are part of the subarachnoid space. Through them
flows the cerebrospinal fluid. It has been well established that there is
very little excretion of curative agents from the blood into the cerebro¬
spinal fluid. Flexner and his co-workers have shown the necessity of
directly introducing the therapeutic sera into the subarachnoid space in
the various forms of purulent meningitis. The same principle no doubt
holds true, to a considerable degree, in all forms of meningitis.
In dealing with syphilis of the central nervous system, we are, how¬
ever, more fortunate than is the case in purulent meningitis. For here
the introduction of our therapeutic agents into the general cirulation is
of undoubted benefit. With mercury and iodids and with salvarsan
intravenously much can be done, and in many patients all clinical signs
and symptoms can be relieved. Efficient therapy, however, means more
than the relief of symptoms; it involves also the eradication of all
evidence of disease. This is more difficult. The changes occurring in
the cerebrospinal fluid
—
pleocytosis, increased globulin and positive
Wassermann reaction
—
must, as has been stated, be looked on as evidence
of active syphilis of the central nervous system. No treatment can be
considered adequate which does not result in the permanent disappear¬
ance of these abnormalities.
While rapid symptomatic improvement frequently follows the use
of mercury and iodids, the relatively slight influence of these drugs on
the abnormal constituents in the spinal fluid suggests at once the prob¬
ability of subsequent relapse. In tabes the use of mercury seems fre¬
quently actually to increase the intensity of the symptoms. Salvarsan
intravenously acts more rapidly than mercury, especially in reducing the
degree of pleocytosis. To produce a disappearance of the increased
globulin and to change the Wassermann reaction from positive to nega¬
tive is, however, much more difficult.
The idea of intensifying the treatment of syphilis of the central nerv¬
ous system by the introduction of salvarsan directly into the cerebro¬
spinal fluid naturally suggests itself. To determine whether this might
be safely done, we injected high dilutions of the drug in monkey-serum
intraspinously into monkeys. Subsequent examination of the cerebro¬
spinal fluid showed that the drug introduced in this form was too irri¬
tating to warrant its application to patients. Neosalvarsan injected intra¬
spinously into monkeys was less irritating, but when injected into patients
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produced symptoms too severe to warrant its continued use.1 Serum,
on the other hand, can be repeatedly injected into the subarachnoid space
without demonstrable injury to the nervous tissue.
The blood-serum of patients treated intravenously with salvarsan has
been shown to have definite therapeutic value when injected subcu-
taneously into patients with congenital and secondary syphilis.2 We have
been able to show that this serum also exerts a spirocheticidal action on
the spirochetes of relapsing fever.3 When the serum is allowed to act on the
spirochetes in vitro and subsequently these are injected into mice, they
do not develop in the mice as do untreated spirochetes or spirochetes on
which normal serum has been allowed to act. Heating the serum to 56 C.
increases the spirocheticidal action. We have also used the serum of
syphilitic patients to make serum agar for the growth of Treponema pal¬
lidum after Xoguchi's method. Cultures in media made with serum
obtained before treatment grew practically as well as in that made with
normal serum, while in media made with serum obtained an hour after
intravenous injections of salvarsan the spirochetes grew more slowly or
not at all. In media made with serum which was obtained at longer
intervals after treatment, the growth approximated that in normal con¬
trol tubes. These experiments indicate that the serum has the greatest
inhibitory effect shortly after the injection of salvarsan.
All the above-mentioned experiments support the view that the
serum of salvarsan-treated patients has a definite antispirochetal effect,
both in vitro and in vivo. Such serums are ideal preparations for direct
1. Wechselmann (Deutsch. med. Wchnschr., 1912, xxxviii, 1446), reports that
he had injected neosalvarsan intraspinously into two patients with general paral-
ysis, and into two children with congenital lues, without any injurious effects.
Marinesco (Ztschr. f. physik. u. di\l=a"\tet.Therap., 1913, xvii, 194), reports the
results in thirteen patients, each of whom received 5 mg. neosalvarsan in 4 c.c.
solution intraspinously. In ten of these severe unpleasant symptoms immediately
appeared. Eight of them had permanent bladder disturbance. From this experi-
ence Marinesco advises strongly against the intraspinous injection of neosalvarsan.
We are in complete accord with his conclusions. In the same communication
Marinesco states that he had treated patients with syphilis of the central nervous
system with serum obtained from patients with secondary syphilis after treat-
ment with salvarsan. There were some beneficial results, but the work was not
continued.
Robertson (Edinburgh Med. Jour., 1913, x, 428), reports on the intraspinous
treatment of patients with general paralysis. For this treatment he used the
serum of patients with secondary syphilis, which was withdrawn on the third
day after a salvarsan injection, and also the paretics' own serum withdrawn one
hour after the intravenous injection of salvarsan. Only a few treatments were
given to each patient, but half of those treated showed some improvement.
2. Meirowsky and Hartmann: Med. Klin., 1910, vi, 1572; Plant, H. C.:
Deutsch. Med. Wchnschr., 1910, xxvi, 2237; Gibbs and Calthrop: British Med.
Jour., 1911, i, 809.
3. To be published. Gonder, R. (Ztschr. f. Immunit\l=a"\tsforsch.Orig. 1912,
xv, 257), reports on a similar spirocheticidal action of the blood of salvarsan-
treated rats on the spirochetes of relapsing fever.
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introduction into the subarachnoid space, and for the past two years
we have been studying the results of the injection of such serums intra¬
spinously into patients with syphilitic disease of the central nervous
system.
TECHNIC OF SUBARACHNOID INJECTIONS
The technic that we have employed varies but little from that pre¬
viously described,4 and is as follows :
One hour after the intravenous injection of salvarsan 40 c.c. of blood is with¬
drawn directly into bottle-shaped centrifuge tubes, and allowed to coagulate,
after which it is centrifugalized. The following day 12 c.c. of serum is pipetted
off and diluted with 18 c.c. of normal saline. This 40 per cent, serum5 is then
heated at 56 C. for one-half hour. After lumbar puncture the cerebrospinal
fluid is withdrawn until the pressure is reduced to 30 mm. cerebrospinal fluid
pressure. The barrel of a 20 c.c. Luer syringe (which has a capacity of about
30 c.c. ), is connected to the needle by means of a rubber tube about 40 cm. long.
The tubing is then allowed to fill with cerebrospinal fluid so that no air will be
injected. The serum is then poured into the syringe and allowed to flow slowly
into the subarachnoid space by means of gravity. At times it is necessary to
insert the plunger of the syringe to inject the last 5 c.c. of fluid. It is impor¬
tant that the larger part of the serum should be injected by gravity and if the
rubber tubing is not more than 40 cm. long the pressure cannot be higher than
400 mm. Usually the serum flows in easily under even a lower pressure. By
the gravity method the danger of suddenly increasing the intraspinous pressure
to the danger point, such as might occur with rapid injection with a syringe,
is avoided. Frequently there is a certain amount of pain in the legs, commenc¬
ing a few hours after the injection. The pain is more often noticed in tabetics
than in patients with cerebrospinal syphilis. It can usually be controlled by
means of phenacetin and codein. Occasionally morphin is required.
The therapeutic effect of this form of treatment is illustrated in the
tables, where the treatment, Wassermann reaction in the blood and in the
cerebrospinal fluid, the cell count and globulin in the fluid of each
patient are given. In some of the tables, the Wassermann reaction in
the cerebrospinal fluid is indicated with two different antigens. Prior
to January, 1913, fetal liver extract was used as antigen. It was then
found that an alcoholic extract of human heart, to which 0.4 per cent,
cholesterin had been added, was a much more sensitive reagent.6 In
order not to confuse the results it was considered wise to continue the use
of the liver antigen in those cases in which it had previously been used,
and to add the comparative reactions with the cholesterin-heart antigen.
Unless otherwise designated in the notes after January, 1913, a com¬
pletely negative reaction indicates that it was negative with the
cholesterin-heart as well as with the liver antigen. In the cerebrospinal
fluid column, the amount of fluid which gave complete fixation is indi-
4. Swift, H. F., and Ellis, A. W. M.: New York Med. Jour., 1912, xcvi, 53.
5. In patients who do not have reactions following the injection of 40 per
cent. serum the strength is at times increased to 50 or 60 per cent., or even
stronger.
6. Walker, I. C., and Swift, H. F.: Jour. Exper. Med.. 1913, xviii, 75.
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cated.7 The quantitative titration of the strength of reaction has been
used since November, 1911. Previous to that time, only 0.1 c.c. of fluid
was used. The titration of the strength of the reaction furnishes a fair
index of the effect of treatment. In this report we wish to lay more
emphasis on the improvement in the condition of the cerebrospinal fluid
than on the clinical improvement, because it is entirely objective and
probably gives us a better idea of the actual effect of our therapeutic
measures.
TABLE 1.—No. 85. C. L. V. Age 35. Tabes Dorsalis Six Years. Syphilis
Sixteen Years. Result: Improved
Date, 1910
Blood
Wasser-
man
Reaction
Cerebrospinal Fluid
Cells
per
Noguchi
Globu¬
lin
Wassermann
Reaction,
c.c.
Spinal Fluid
Treatment
Intra¬
venous
Salvarsan,
gm.
Intraspinous
Serum
Nov. 10 to.
1911
Jan. 10
.
..
Jan. 16
.
..
Jan. z5
.
..
Feb. 8
.
. . .
Feb. 13
.. .Feb. 15 to..
Aug. 20 .. .
Aug. 21 .. .
Aug. 26 to.
Sept. 22 ..
Sept. 22
. .Nov. 24
. .Dec. 1*
..
.Dec. 11
. .
.
Dec. 18 ...
1912
Jan. 5 ....
Jan. 12
.
. .
Jan. 15
...Jan. 20
.
.
.July 9 ..
..Sept. 10
..1913
Mav 15
..
++
+
+
+
125
150
63
26
50
20
20
12
4
5
2
1
+
-
0.1
—
0.1
—
0.2
0.3
0.36
0.1:
+
- ¬
 
1
—
0.5 ±
0.5 ±
0.5 +d
0.5 ±
§0.2
0.5 ±?
0.5
—0.5
—
0.5
—
0.2
0.2
0.2
0.2
0.3
0.3
0.2
18 c.c. of 50%
30 c.c. of 50%
20 c.c. of 40%
30 c.c. of 40%
30 c.c. of 50%
* Where both intravenous and intraspinous treatment were used the date of
the intravenous injection is indicated. The intraspinous injection was given on
the following day.
t Mixed treatment by mouth.
t Sixteen injections HgCl^ intramuscularly.§ Five injections given.
7. In performing the reaction with the cerebrospinal fluid 0.5 c.c., 0.4 c.c.,
0.3 c.c., 0.2 c.c., 0.1 c.c. and 0.05 c.c. fluid are used. As we employ one-half quan-
tities of all the reagents as compared with the amounts originally recommended
for the Wassermann reaction, these quantities therefore correspond to 1.0 c.c.,
0.8 c.c., 0.6 c.c., 0.4 c.c., 0.2 c.c. and 0.1 c.c., respectively.
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CASE REPORTS
Case 85.—C. L. V., a well marked tabetic, who had had symptoms for about
six years, lately becoming more marked. He had lightning pains, difficulty in
walking, girdle sensation about the abdomen, and Charcot joint in the right
hip. He had received practically no antisyphilitic treatment prior to November,
1910. In the first year of treatment he received sixteen intramuscular injec¬
tions of mercuric chlorid, nine intravenous injections of salvarsan, a total of
2 gm., and six months' mixed treatment by mouth. The result of this was to
reduce the pleocytosis from 125 to 50 per cm. The effect on the Wassermann reac¬
tion in the cerebrospinal fluid was not determined, because an insufficient quantity
of fluid was employed. After the institution of intraspinous treatment with
his own serum the fluid became normal in six weeks. During this period a total
of 1.4 gm. salvarsan was given in six intravenous injections and five intra-spinous
injections, a total of 60 c.c. of undiluted serum." For over a year the fluid has
TABLE 2.—No. 213. O. W. A. Age 29. Tabes Dorsalis Two and One-Half
Years. Syphilis Nine Years. Result: Improved
Date, 1911
Blood
Wass.
Reaction
Cerebrospinal Fluid
Cells
per
3 -^
Wassermann
Reaction
Liver
Antigen,
Spinal
Fluid
ce.
Choles¬
terin
Heart
Antigen,Spinal
Fluid, c.c.
Treatment
Intra¬
venous
Salvar¬
san, gm.
Intraspinous
Serum
June 23 to
Aug. 2 _
Aug. 5 ....
Aug. 10 toOct. 20
. . .Oct. 27
.
. .Nov. 3
. . .Nov. 21 ..
.Dec. 12
. . .Dec. 19
.
. .1912
Tan. 5
. . . .Jan. 12 . .
Jan. 19 ...
Jan. 25
..
.Feb. 1
.. . .Feb. 8 . .
April 11 ..
April 18
. .April 25
..May 2 _
May 16 ...
1913
Feb. 22
.. .
+ +
++
+ +
+
+
+ +
+ +
++
+ +
+
+
+
+ ±
++
+
+ +
+ +
110
75
20
19
22
8
10
8
5
7
2
10
8
10
0.1
0.1+ +
ö.i '+'+
0.1++
0.2++
0.1+ +
0.3++
0.3 + +
0.2++
Ö.2 +'+
0.3++
Ö.3+ +
0.3++
0.3 + +
0.4 + + 0.3++
5x0.2
4x0.2
0.2
0.2
0.2
0.2
0.2
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
*0.75
25 c.c. of 40%
20 c.c. of 50%
30 c.c. of 70%
25 c.c. of 40%
30 c.c. of 50%
30 c.c. of 50%
30 c.c. of 50%
30 c.c. of 50%
25 c.c. of 40%
30 c.c. of 50%
30 c.c. of 40%
30 c.c. of 40%
30 c.c. of 40%
30 c.c. of 40%
30 c.c. of 40%
* Neosalvarsan.
6. In the tables the amount of diluted serum which was injected at each
treatment is shown, while in the abstracts in the text the total amount of
undiluted serum is given.
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remained normal and the patient has been practically free from pain. The
Charcot joint has prohibited his return to his usual work, although he goes
about very well. There has been no advance in his tabes.
Case 213.—0. W. A. had a rapidly progressing tabes of two and a half
years' duration. The most marked symptoms were ataxia, pain and hyper-
esthesia in the lumbar region. In the first four months of treatment a total
of 1.8 gm. of salvarsan was given in nine intravenous injections, which produced
a drop in cells from 125 to 75, but had no effect on the Wasserman reaction in
the cerebrospinal fluid. On the institution of intraspinous injection of patient's
own serum there was an immediate drop in the number of cells. In the next
seven months he received 4.3 gm. salvarsan in sixteen intravenous injections and
fourteen intraspinous injections, a total of 184 c.c. undiluted serum. Under
this treatment the cells were reduced to practically normal in number, and the
Wassermann reaction in the cerebrospinal fluid was much reduced in strength.
Because the patient felt so much better he neglected to report for nine months,
during which time the fluid remained practically the same.
A marked beneficial effect was noted in both these patients when
the intraspinous treatment was instituted, but the objection might be
advanced that the improvement was due to the continuation of the sal¬
varsan intravenously. To determine the effect of the intraspinous treat¬
ment alone, several patients were treated intraspinously with the serum
from other patients who had received intravenous injections of salvarsan.
TABLE 3.—No. 557. C. H. L. Tabes Dorsalis Ten Years. Syphilis Thirty
Years. Result : Improved
Date, 1911
Blood
Wass.
Reaction
Cerebrospinal Fluid
Cells
per NoguchiGlobulin
Wassermann
Reaction,
c.c.
Spinal Fluid
Treatment
Intra¬
venous
Salvar¬
san, gm.
Intraspinous
Other
Patients'
Serum
Oct. 25..
..Oct. 30_
Nov. 6.
Nov. 18_
Dec. 3.
Dec. 12....
Dec. 28....
1912
Jan. 6.
Jan. 12-
Jan. 23-
Jan. 31_
Feb. 7.
March 4..
.April 10...
April 16 to
May 14..
. .May 14.. ..Sept. 24....
1913
March 28.
.
42
41
40
50
18
17
15
15
10
14
16
17
15
10
19
8
+ +
+ +
+ +
++
+ +
+ +
+ +
+
+ +
+ +
+
+
+
0.1+ +
0.1 ++
0.1++
0.2++
0.2++
0.1 + +
0.4++
0.1+ +
0.2++
0.5 ±?
0.5 ±
0.5 +±
0.5+±
0.5 ±
0.5
-0.5-
0.5-
*0.3
25 c.c. of 40%
20 c.c. of 40%
22 ce. of 40%
26 c.c. of 50%
30 c.c. of 50%
25 c.c. of 40%
25 c.c. of 40%
30 c.c. of 50%
26 c.c. of 50%
30 c.c. of 50%
30 c.c. of 50%
Five injections given.
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Case 557.-—C. H. L., a man 50 years of age, with fairly well marked tabes
dating back ten years since the onset. He had had marked gastric disturbances
for the past three years, so that he had lost much weight and had been incapaci¬
tated for several months. In three and one-half months he received eleven intra¬
spinous injections, a total of 130 c.c. undiluted serum, which was obtained from
other patients. This treatment resulted in the reduction of all the abnormal
constituents in the fluid nearly to normal. Then 1.5 gm. salvarsan in five intra¬
venous injections was given with practically no effect on the fluid. The patient
was so much improved that he returned to work and received no further treat¬
ment. At the time of the last examination of the fluid, nearly one year after
treatment was discontinued, his spinal fluid was entirely normal. The tabetic
process has shown practically no advance since the treatment was started.
TABLE 4.—No. 675. H. G. G. Age 42. Tabes Dorsalis Two and One-Half
Years. Syphilis Denied. Result: Improved
Date, 1912
Blood
Wassermann
Reaction
Cerebrospinal Fluid
Cells NoguchiGlobulin
Wass.
Reaction
e.c. Spinal
Fluid
Treatment
Intraspinous
Other
Patients'
Serum
March 18.
May 2_
May 5...
.May 14..
.May 21..
.June 10..
June 20...
June 27..
July 9..
. .July 21.
..July 30...
Sent. 19..
Oct. 1_
Oct. 19.. .
1913
Jan. 5.
.
.
.
35
41
24
17
14
33
12
35
14
8
7
+
0.3+ +
0.3 ++'
0.4++
0.4++
0.5 ++'
0.5++
0.5+ +
0.5++
0.5 ±
0.5
—0.5
—
0.5
—
30 c.c of 40%
30 c.c. of 40%
30 c.c. of 40%
30 c.c. of 40%
30 c.c. of 40%
30 c.c. of 40%
30 c.c. of 40%
30 c.c. of'40%
30 c.c. of 40%
30 c.c. of 40%
Died of lobar pneumonia. January 5. Autopsy showed typical tabes.
Case 675.—H. G. G., a man 42 years of age, who had well marked tabes of
two and one-half years' duration. He had never received any antisypbilitic treat¬
ment previous to his admission. In five and one-half months he was given ten
intraspinous injections, a total of 120 c.c. of undiluted serum. After eight
treatments the cerebrospinal fluid was normal. About three months after hie
last treatment he died of lobar pneumonia. Ihe cerebrospinal fluid taken imme¬
diately after death was normal. Autopsy revealed changes in the cord typical
of tabes dorsalis. The symptomatic improvement, as well as the return to
normal of the cerebrospinal fluid, were most striking. This patient received no
intravenous treatment at any time.
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TABLE 5.—No. 565. V. H. Age 42 Years. Tertiary Syphilitic Meningitis
(Radiculitis). Syphilis Nine Years Ago
Date, 1912
Blood
Wassermann
Reaction
Cerebrospinal Fluid
Cells NoguchiGlobulin
Wass.
Reaction
c.c. of
Spinal Fluid
Treatment
Intraspinous
Other
Patients'
Serum
April 5..
April 10.
April 19.
April 28.
Mav 7..
.Sept. 12*
+± 124
64
17
30
23
4
++
++
+
+
+
0.1 ++
0.1 +±
0.2+ +
0.2++
0.2++
30 c.c. of 40%
30 c.c. of 40%
30 c.c. of 40%
30 c.c of 40%
* Report of findings on September 12 furnished by Neurological Institute.
Case 565.—V. H., a man 42 years old, who had pains referable to dorsal
root irritation for three years. One year before admission he had received two
intravenous injections of salvarsan followed by a course of mercury inunctions
and considerable potassium iodid by mouth. Before this treatment was started
he had 94 cells per c.mm. in the cerebrospinal fluid. Our first examination showed
124 cells, a heavy globulin and a strongly positive Wassermann reaction. He
then had 48 c.c. of serum in four intraspinous injections. Four months later
he was examined in another hospital and his spinal fluid reported as normal.
Unfortunately, the patient would not continue under observation. The symptom¬
atic improvement was less marked than the improvement in the pathological
cerebrospinal fluid.
TABLE 6.—No. 485. C. M.
Years.
Age 48. Tabes Dorsalis One and One-Half
Syphilis Nineteen Years
Date, 1912
Blood
Wass.
Reaction
Cerebrospinal Fluid
Cells
per
Noguchi
Globu¬
lin
Wassermann
Reaction
c.c.
Spinal Fluid
Treatment
Intra¬
venous
Salvarsan,
gm.
Intraspinous
Serum
Jan. 26.
.Jan. 30.
. .Feb. 6.. .
Feb. 13..
Feb. 20...
April 3..
April 17.
May 6.. .Juñe 20.
July 18..
Aug. 15..
Sept. 12.
Oct. 29.
.Nov. 19..
Dee. 17..
1913
April 9.
.
I
-
130
90
40
26
24
9
+ +
++
+ +
+ +
+ +
+
'+'
+
+
+
0.5++
0.5 +
0.5 ±
0.5
—0.5
—0.5
—
0.5-
0.5-
0.5-
0.5:
0.5 :
0.5-
0.5-
0.2
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.4
*0.9
»0.9
0.5
30 c.c. of 50%
25 e.c. of 40%
30 c.c. of 40%
20 ce. of 40%
30 c.c of 40%
30 c.c. of 40%
30 c.c of 40%
30 c.c. of 40%
30 c.c. of 40%
Neosalvarsan.
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These three cases illustrate very well that definite and marked change
in the condition of the cerebrospinal fluid can be brought about by the
intraspinous injection of serum alone, since none of these last three
patients had had any other form of treatment. As there is also a definite
effect from intravenous injection of salvarsan, it would seem that the
combination of these two forms of treatment would produce a more rapid
effect than either alone. This is well illustrated by the next three cases.
Case 485.—C. M., a man aged 48 years, with moderately advanced tabes of
two years' duration. He had transient diplopia seven years ago. In eight
months patient was given 3.3 gm. salvarsan in eleven intravenous injections, and
nine intraspinous injections, a total of 109 cubic centimeters of his own serum.
After the fourth intraspinous treatment the fluid was practically normal except
for a moderate increase in globulin which has persisted up to the present time.
TABLE 7.—No. 893. F. B. Age 34. Tabes Dorsalis Two Years. Syphilis
Thirteen Years. Result: Improved
Date, 1912
Blood
Wass.
Reaction
Cerebrospinal Fluid
Cells
per
c.mm.
Noguchi
Globu¬
lin
Wassermann
Reaction,
c.c.
Spinal Fluid
Treatment
Intra¬
venous
Neosalvar¬
san, gm.
Intraspinous
Serum
Oct. 18.
Oct. 28.
Nov. 2.
Nov. 4.
Nov. 12....
Nov. 18..
..
Nov. 25_
Dec. 2.
Dec. 16_
Dec. 17....
1913
Jan. 25_
Feb. 8.
March 14.
.
March 28 to
April 25...
April 25. .
.
+
++
++
++
++
++
+ +
++
+ +
++
40
57
47
13
10
2
7
5
+
+
+
+
0.5 +
0.5 +±
0.5++
0.5 —
0.5 —
0.5 —
0.5 —
0.5 —
 .5—'
0.75
0.45
0.9
0.9
0.9
0.9
0.9
0.9
0.9
0.75
t'3"
30 c.c. of 40%
30 c.c. of 40%
30 c.c. of 40%
30 c.c. of 40%
* Cholesterin heart antigen.
t Salvarsan. Three injections given.
Case 893.—F. B., a man 34 years of age, who had early tabes, suffering
chiefly from shooting pain in the legs for two years, and slight unsteadiness in
gait for six months. In four months he received 8.2 gm. neosalvarsan and four
intraspinous injections, a total of 48 c.c. of his own serum. The increase in the
intensity of the Wassermann reaction after the treatment was started is worthy
of note. The sudden drop in cells and the disappearance of the Wassermann
reaction occurred after the first intraspinous injection. After the fluid was
reduced to normal except for a slight increase in globulin, the treatment was
continued intravenously because of the persistence of the Wassermann reaction
in the blood serum. This case illustrates the point which we have noticed, that
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if, before treatment was started, large quantities of the fluid are required to
obtain a positive Wassermann reaction, the reaction disappears fairly rapidly
under treatment.
TABLE 8.—No. 605. F. K. Age 27. Cerebrospinal Syphilis. Duration ( ? )
Previous Treatment None. Result: Improved
Date, 1912
Blood
Wass.
Reaction
Cerebrospinal Fluid
Cells
per
Noguchi
Globu¬
lin
Wassermann
Reaction
c.c.
Spinal Fluid
Treatment
Intra¬
venous
Salvarsan,
gm.
intraspinous
Serum
April 25.
.May 2_
May 9_
May 23.
. .June 13..
.June 20..
.July 18..
.July 26..
.Aug. 15..
.Sept. 12..
.Oct. 3.
Oct. 17...
.Nov. 2_
Nov. 22..
.Nov. 29
.
Dec. 12..
.1913
Jan. 3.
. . .Jan. 31.
. .
Feb. 28.
. .April 4.
. .April 25.
.
++
++
4-
+
+
+
59
14
5
6
2
2
+
+ +
I ++I +±
I +±
I +
I
0.2++
0.3+ +
0.3+ +
0.3+ +
0.4 + +
0.5 ++
0.4+ +
0.4++
0.5 + +
0.5++
0.5+ +
0.5 +±
0.5 +
0.5
—
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.4
0.6
0.6
0.6
0.6
t0.9
t0.9
t0.9
t0.9
f0.9
0.6
0.5
30 c.c. of 40%
30 c.c of 40%
30 c.c. of 40%
30 c.c. of 40%
30 c.c. of 40%
30 c.c. of 40%
30 c.c. of 40%
30 c.c. of 40%
30 c.c. of 40%
30 c.c. of 40%
30 c.c. of 40%
30 c.c. of 40%
* Cholesterin heart antigen,
t Neosalvarsan.
Case 605.—F. K., a man 27 years of age, who was admitted because of
ophthalmoplegia interna of the left eye. He denied syphilis and had not taken
anti-syphilitic treatment. His physical examination was normal except for one
dilated pupil. In one year he received twenty intravenous injections, a total
of 6.6 gm. of salvarsan and 4.5 gm. neosalvarsan, and 144 c.c of his own serum
in twelve intraspinous injections. At the end of this time the cerebrospinal fluid
became normal and there was a distinct diminution in the intensity of the Wasser¬
mann reaction in the blood-serum.
This is the type of case which Nonne and Erb have described as
usually going on to tabes or paresis. The distinct changes which were
first found in the cerebrospinal fluid indicate that the patient was suffer¬
ing from an active syphilis of the central nervous system, although he
presented as physical signs only one dilated pupil. It seems reasonable
to suppose that the treatment with the resulting return to normal of the
cerebrospinal fluid has resulted in an arrest of the syphilitic process.
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Probably by careful clinical examination, as well as examination of the
cerebrospinal fluids, many cases of tabes could be detected in this early
stage and arrested by applying intensive and prolonged treatment. It is
worthy of note that many of the tabetics give a history of diplopia or
other transient eye disturbances several years before the onset of any
other symptoms. It is important to recognize the disease in this early
stage in order that it may not be allowed to progress until marked nerve
degeneration has occurred.
TABLE 9.—No. 152. O. F.
Yeafîs. Syphilis Ten
Age 32. Tabes Dorsalis Three and One-Half
Years. Result: Improvement, Relapse,
Improvement
Date, 1911
Blood
Wass.
Reac¬
tion
Cerebrospinal Fluid
Cells
per
c.mm.
IIgo
Wass. Reaction
Liver
Antigen
c.c of
Spinal
Fluid
Choles-
terin
Heart
Antigen
c.c. of
Spinal
Fluid
Treatment
Intra¬
venous
Salvar¬
san, gm.
Intraspinous
Serum
April 4 to.
May 18...
.May 19_
Oct. 13_
Oct. 20_
Oct. 27 to..
Nov. 17...
Nov. 20.
. .
1912
April 9_
April 15..
.April 23...
April 30. ..
May 7.
Sept. 23..
.Oct. 8.
1913
Jan. 31_
Feb. 7.
Feb. 14...
.Feb. 28_
March 14..
March 27..
April 9_
++
+
' +
'
+±
+±
+±
++
+
++
+±
27
39
9
10
14
3
6
19
70
57
28
17
14
7
+ +
+ +
' +
'
'
+
'
+
'
+
'
+
+
+
0.1
—
 . +
0.1 ±'
0.2+ +
Ó'.2 '+'+
0.2 '+'+
0.3 ++
... 0
0.2+'+
0.2++
0.3++
0.3+ +
0.2+ +
0.5+ +
0.5 ±
0.1++
0.2+ +
0.2+ +
0.2+ +
0.2 + +
0.3 + +
0.3++
5x0.2
0.2
0.2
4x0.2
0.3
0.3
0.3
0.3
0.3
§0.9§0.9
§0.75§0.9§0.9§0.09§0.75§0.75
80.9
17 c.c. of 40%
30 c.c. of 40%
30 c.c. of 40%
30 c.c. of 40%
30 c.c. of 40%
30 c.c. of 40%
30 c.c. of 40%
30 c.c. of 40%
30 c.c. of 40%
30 c.c. of 40%
* Cholesterin heart antigen. § Neosalvarsan.
Case 152.—O. F., a man 32 years of age, who illustrates both the result
of intraspinous treatment and the necessity of continuing some form of treat¬
ment until the cerebrospinal fluid is normal. He had a well marked tabes of
three and one-half years' duration, with severe shooting pains. Previous to his
admission he had received very little anti-syphilitic medication. In the first
year he received 2.2 gm. salvarsan in eleven intravenous injections, which
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resulted in slight reduction in the degree of pleocytosis, a moderate reduction
in globulin, and as far as could be determined, little if any effect on the Wasser¬
mann reaction in cerebrospinal fluid. Then in one month's time he had 1.5 gm.
salvarsan in five intravenous injections plus three intraspinous injections, a
total of 36 c.c. of his own serum. This resulted only in a reduction of the
pleocytosis. For the next eight months he refused to have systematic treat¬
ment. In January, 1913, the pains became more severe and about the end of
the month he developed diplopia. Examination of the cerebrospinal fluid revealed
a more marked pleocytosis than on any previous examination. In the next two
months systematic treatment consisting of seven intravenous injections, a total
of 5.8 gm. neosalvarsan, and six intraspinous injections of his own serum, a total
of 72 C.C, resulted in a reduction in cells to nearly normal, and a marked decrease
TABLE 10.- -No. 113. W. L. S. Age 52.
Syphilis Twenty-Three Years.
Tabes Dorsalis Seven Years.
Improvement. Relapse
Date, 1911
Blood
Wass.
Reaction
Cerebrospinal Fluid
Cells
Noguchi
Globu¬
lin
Wass.
Reaction,
c.c.
Spinal Fluid
Treatment
Intra¬
venous
Salvarsan,
gm.
Intraspinous
Serum
March 7.
March 11..
March 28..
April 4.
. . .May 22_
Oct. 5.
Oct. 7 to..
.Nov. 4.
Nov. 5.
1912
Jan. 5.
Jan. 13_
Jan. 21_
Jan. 27...
.Feb. 3.
Feb. 10....
March 16..
March 23..
April 6_
April 13.
..May 27 to
July 8.
Sept. 13...
Sept. 21....
Nov. 23..
. .1913
Jan. 25....
Feb. 8.
Feb. 22....
March 8..
..March 22...
April 5.
. . .
I.
++
++
++
+
++
++
+
+
++
+
+
++
+
+
+
+
++
+±
++
+±
+±
++
72
27
36
24
30
10
8
28
5
9
3
3
3
++
+ +'
+
+ +
+
++
++
+
+ +
+
+
+
0.1
—
0.1
—
0.1
—
0.4+ +
0.4+ +
0.4++
0.5++
0.4++
0.4 + +
0.5 +
0.4 + +
0.5
—0.5
—
0.5
—
0.5
—
0.5
—
0.4+±
0.35
0.5
t
t
t
Í0.2
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.2
0.2
0.3
1Î0.9
1[0.9
1Í0.6
110-6
TI0.6
110.75
H0.75
110-6
30 c.c
28 c.c.
20 c.c.
25 c.c
30 c.c.
30 c.c.
30 cc
30 c.c.
30 c.c
of 40%
of 40%
of 50%
of 40%
of 50%
of 60%
of 40%
of 40%
of 40%
* Cholesterin heart antigen. % Five injections given.
t Mixed treatment by mouth.
§ Six injections Hg. salicylate intramuscularly.
fl Neosalvarsan.
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in the intensity of the Wassermann reaction in the cerebrospinal fluid. At the
same time the pains and diplopia disappeared. The symptomatic relapse and
the increase in the signs of the active pathological process as shown by the
cerebrospinal fluid in the patient is in striking contrast to the subsequent course
of the disease in those patients whose cerebrospinal fluid had been rendered
normal by treatment.
Case 113.—W. L. S., a man 52 years of age, who had a moderate tabes of
seven years' duration. The principal symptom was shooting pain. In the first
ten months of treatment he had seven intravenous injections of salvarsan, a
total of 1.8 gm., and six months mixed treatment. This resulted in a reduction
in cells from 72 to 36 per c.mm., and a moderate decrease in globulin. In the next
three months he received 2.5 gm. salvarsan in nine intravenous injections and
nine intraspinous injections of his own serum, a total of 109 c.c. At the end
of this course of treatment the cerebrospinal fluid was normal except for a trace
of globulin. Because of the persistence of a positive Wassermann reaction in
the blood, intramuscular injections of mercury were given, but could not be
tolerated long. Occasional lumbar puncture showed that the cells were increas¬
ing slightly in number, and systematic intravenous treatment with neosalvarsan
was given. After five treatments, a total of 3.3 gm., it was found that the spinal
fluid again showed a positive Wassermann reaction with 0.4 c.c. This returning
reaction cannot be attributed to the increased sensitiveness of the cholesterin-
heart antigen, because the reaction was negative in January with the same
antigen. This patient has shown less symptomatic improvement than any of
our other patients. After a course of treatment there would be some decrease
in pain and periods of a week or more without pain, but no permanent relief has
been obtained. The return of the positive Wassermann reaction in the cerebro¬
spinal fluid seems to indicate that the syphilitic process is still active in some
part of the cerebrospinal axis. The disappearance of the reaction under com¬
bined intraspinous and intravenous treatment, and its reappearance under intra¬
venous treatment alone, seems to point to the advantage of the combined method
in this patient at least.
DISCUSSION
The cases cited above are only examples of the various groups of
patients whom we have under treatment. From the experience of the
past two years we now feel that 0.2 gm. or 0.3 gm. salvarsan is too small
a dose, and that neosalvarsan given in the same relative amounts as sal¬
varsan is much inferior to salvarsan. At present we are giving full
doses of salvarsan—0.45 gm. to 0.5 gm.—every two weeks, and in addi¬
tion intraspinous injections of 30 c.c. of 40 per cent, serum, until the
cerebrospinal fluid shows a normal cell count and a negative Wassermann
reaction. Under this plan of treatment many of the cases are showing
more rapid improvement than did those treated a year or more ago, illus¬
trated in these tables. Unfortunately, our experience with general paral¬
ysis is too limited to give definite results. One patient with early paresis
and one or two others who are border-line cases between tabes and pare¬
sis have shown a rapid decrease in pleocytosis and a moderate decrease
in the globulin, but the Wassermann reaction has been slower in showing
a response. When one considers the anatomical difficulties in reaching
the myriads of spirochetes that are present in the brain in this condition,
he is impressed with the necessity of prolonged and vigorous treatment.
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Another point brought out by the work here presented, is that the
treatment of chronic syphilitic diseases of the central nervous system is
not the administration of two or four intravenous injections of salvar¬
san, or the exhibition of a certain amount of mercury and iodids. Each
case presents a slightly different problem, and must be considered indi¬
vidually. Some respond much more rapidly than others, but the object
in all should be to obtain a persistently normal cerebrospinal fluid. Of
course, we cannot state with certainty that a normal cerebrospinal fluid
assures that there will be no further progress of the degenerative process.
All we can say is that as long as the cerebrospinal fluid gives evidence
of a specific pathological process in the central nervous system, and we
have specific therapeutic measures which will remove that evidence, these
measures should be applied. Only when the fluid has become normal are
we justified in discontinuing the treatment, and observations of the fluid
should be continued so that at the first evidence of relapse treatment
may be resumed.
The method of intraspinous injection is not presented as a substitute
for any of the accepted forms of treatment, but as an aid in attacking
these severe infections. We feel that there is definite evidence that this
form of treatment has a curative action on the syphilitic process, and
that, therefore, its combination with intensive intravenous treatment is
indicated where specially intensive treatment is required, as in rapidly
advancing tabes or paresis, or where the disease has resisted other forms
of treatment.
Downloaded From: http://archinte.jamanetwork.com/ by a Michigan State University User  on 06/17/2015
